(Received 19 January 1995; accepted 11 April 1995) Summary &horbar; Some microbiological and biochemical parameters of caecal content were studied in 15-to 49-d-old rabbits that were slaughtered sequentially. The ammonia level did not differ before weaning (11.5 mmol/L on average) (P= 0.41 ) or after weaning (7.4 mmol/L on average) (P= 0.19) but decreased by 40% (P < 0.001) between days 29 and 32. The level of pH decreased linearly (P < 0.001) throughout the period studied. The Escherichia coli counts decreased up to weaning (P < 0.001) and was then not significantly affected by age (P = 0.12). The total volatile fatty acid (VFA) concentration increased between days 15 (8.2 mmol/L) and 25 (33.9 mmol/L) (P< 0.05) and then levelled off below 40 mmol/L. Molar proportions in propionate and in branched-chain fatty acid (BCFA) and valeric acid were high at day 15 but decreased when the animals began to eat solid feed. The C3/C4 ratio reversed at weaning (3.8 on day 15 and 0.5 on day 49) whereas the acetic acid proportion was not affected by age (P= 0.19) . High counts of anaerobic microflora were found between 15 and 22 d of age (10 11 bacteria/g of caecal content, on average) and did not change significantly according to the age (at about 10 10 bacteria/g), from day 29 until the end of the experiment (P= 0.29). Amylolytic flora had a similar evolution at a slightly lower level. In contrast, under our breeding conditions cellulolytic microflora slowly colonized the caecum and remained at a low level. The discriminant analysis revealed relationships between ages, intestinal microflora and fermentation parameter; the colibacilli flora was associated with mother-fed animals and amylolytic flora which was linked to BCFA and valeric acid, while the cellulolytic flora was associated with animals older than 4 weeks and linked to the production of C2, C3, C4 and 
INTRODUCTION
In the rabbit, the microbiological and biochemical compositions of the intestinal content and the balance between them, particularly in the caecum, seem to be predominant factors in the occurrence of post-weaning enteritis. Prohaszka (1980) showed that the in vitro concentration of volatile fatty acids (VFA) in the caecum and a low caecal pH could inhibit the proliferation of colibacilli. The extent of degradation of dietary fibre, which leads to the production of fermentation products (VFA, ammonia, etc) by caecal microflora, was emphasized by Cools and Jeuniaux (1961 (Gidenne, 1986; Fonty and Gouet, 1989; Peeters et al, 1992; Bellier et al, 1994) . The relationships between intestinal microflora and their fermentation products have however rarely been studied (Morisse et al, 1985) .
The aim of the present work was to study the evolution of some biochemical parameters in parallel to that of the development of colibacilli flora and anaerobic microflora populations (total anaerobic flora and cellulolytic and amylolytic flora) in the caecum of young pre-and post-weaned rabbits under standard feeding conditions. (Colin and Lebas, 1976) after an adaptation to the feed from weaning (at 31 d).
MATERIALS AND METHODS

Animals
Measured traits Zootechnical traits
All rabbits were weighed before and after suckling on the sacrifice days in order to calculate milk consumption. Feed consumption was measured daily until weaning and subsequently on sacrifice days.
Biochemical traits
As regards the caecum, apart from the weights of the full and empty caecum, analyses concerned exclusively the contents of the caecum. Animals were slaughtered between 2 and 4 pm and the intracaecal pH was measured immediately after slaughtering (Gidenne, 1986) . Dry matter content was determined by drying at 103°C for 24 h. The VFA composition of the caecal content was analysed by gas chromatography according to Spiller et al (1980) and the ammonia (NH 3 ) concentration was measured by colorimetry according to the method of Verdow et al (1977) . NH 3 was not determined on day 15 because of the small quantity of caecal material available at this age.
All the methods used for milk composition were those described by Amariglio (1986) . For the measure of the digestibility, chemical analyses were performed on the feed and faeces according to the previously described methods (Gidenne and Jehl, 1994 (version 5, 1991) . ).
RESULTS
Zootechnical traits
The weight of the animals and the milk and feed consumption had a typical evolution ( (fig 2) . The total concentration of BCFA and valeric acid, which slightly increased (P= 0.31) from 0.7 to 0.9 mmol/L between days 15 and 22, decreased linearly (P < 0.05) after this time (r 2 = 0.36; n = 56).
In terms of molar proportion, while age did not affect the rate of acetic acid (P = 0.19), the molar proportion of BCFA and valeric acid decreased linearly (P < 0.001 ) from 11 to 1.9% between days 15 and 49 (r 2 = 0.58; n = 64). The ratio C3/C4 was at a high level (3.86) on day 15 after birth and decreased linearly (P < 0.001 ) to 0.54 on day 49 (r 2 = 0.68; n = 64) (fig 2) .
Caecal pH fell linearly (P < 0.001) throughout the experiment (fig 3) , from 6.84 on day 15 to 5.59 on day 49 (r 2 = 0.86; n = 64). The significant coefficient of regression (P < 0.05) between the total VFA and ammonia concentration and the pH was exclusively due to the significant correlation between the pH and the total VFA concentration (r 2 = 0.59; n = 64) (P < 0.001) whereas the pH was not significantly correlated with the concentration of NH 3 (P= 0.21). ).
Microbiological parameters
The colibacilli flora count, which was around 10 8 E coli per gram of caecal content 15 d d before weaning, decreased linearly (r 2 = 0.58; n = 32) (P < 0.001 reaching values of 10 3 -10 4 bacteria/g (fig 3) in weaned rabbits. The E coli count was significantly correlated to the pH before (r 2 = 0.56; n = 32; P < 0.001) but not after (P= 0.31 ) Colibacilli flora was strongly opposed to cellulolytic flora and associated with motherfed animals and amylolytic flora. The latter was strongly linked to the production of valeric, isovaleric and, to a lesser extent, isobutyric acids. On the other hand, cellulolytic flora was associated with animals older than 4 weeks and was probably linked to the production of acetic and butyric acids and ammonia and less with the production of propionate.
Other parameters which do not appear on the graph were omitted because they did not play any part in the discrimination between age groups.
DISCUSSION
This work is original in studying in parallel the evolution of intestinal microflora (anaerobic: total, amylolytic and cellulolytic flora; and colibacilli flora) and that of the fermentation products. The analysis of zootechnical criteria revealed the appropriate growth of the animals with a mean feed-conversion after weaning of 2.4. The relative decrease in weight gain observed at day 32 was probably a result of the stress of weaning.
Few authors have studied the parameters of weight of the caecum from the birth of the rabbit (Alus and Edwards, 1977; Wu, 1986) . They described slow caecal growth up to the age of 10 d, followed by very rapid growth, in agreement with our results and those of Lebas and Laplace (1972) and Candau et al (1978 Morisse et al (1985) found that the concentration of the total VFA from the caecum was reduced from 84 to 34 mmol/L in diets containing 3.4 and 7% lignin respectively. On the contrary, Gidenne (1986) (Coudert et al, 1988) . Under these conditions it cannot be ignored that caecal flora might have been modified. This might explain the slower implantation of cellulolytic flora that was seen in our animals with lower values than those found by Gouet and Fonty (1979) and Boulahrouf et al (1991) . ). The evolution of molar proportions of VFA indicated a preponderance of C3 and of BCFA and valeric acid at 15 days of age when the young rabbits were still exclusively milk fed. As soon as the young rabbits started to take pelleted food (from day 17-18) the level of total VFA concentration tripled (day 22). The C3/C4 ratio became progressively inverted over time whereas the acetate proportion was not affected by age. A similar, but slower evolution was observed in vivo by Bellier (1994) . It is however necessary to add that the type of diet is likely to influence the evolution of caecal fermentation in the growing rabbit over time.
It is noteworthy that the C3/C4 ratio, which was higher than 1 before weaning, was not accompanied by any clinical signs (diarrhoea or death) in contrast to what is generally observed in weanlings (Morisse ef al, 1985; Gidenne et Jehl, 1994) .
The consistent decrease in pH between days 15 and 49 was at least in part related to variations in total VFA, but not to ammonia content. The latter varied little over time apart from a dramatic fall at the time of weaning which probably should be attributed to changes in feeding patterns. In fact, it seems that the flora before weaning was predominantly proteolytic as judged by the NH 3 and BCFA values.
The level of colibacilli flora, which was very high in 15-day-old animals (10 a -10 9 bacteria/g of caecal content), strongly decreases until weaning, in agreement with the data of various studies (Smith, 1961; Licois et al, 1992 
